INTRODUCTION
The dense-plasma-focus (DPF) device is a simple and easily accessible device that makes use of a self-generated magnetic field for compressing the plasma to very high densities ( =10 -10 m ) and high temperatures ( =1-2 keV). The DPF has been established as a source of fusion neutrons (having fiux in the range of 10 -10' neutrons per burst), x rays, energetic ions, and electrons with energies of several hundred keV and above. Being a source of such a wide range of phenomena, the DPF has been successfully applied as a neutron source for pulsed activation analysis, ' as a spectroscopic source for the production of highly ionized species, " as a pump source for lasers, ' and as a high-Aux soft-x-ray source for x-ray lithography. ' Besides this, it has been recognized as a possible magnetic fusion device with potential applications such as a neutron source of high fluence for blanket studies for controlled thermonuclear reactor and material problems, ' as a nuclear design test facility, ' as the nuclear core of a hybrid fusionfission system, ' as a driver in the inertial confinement fusion, ' etc. It is well known that the crysta1line lead zirconate titanate (PZT) thin film has a wide range of applications' in thin-film devices such as ferroelectric memories, ' piezoelectric transducers, electro-optic displays, and pyroelectric sensors.
The The experiment was initially performed with sample I.
The unexposed sample was amorphous as shown by an
x-ray-diffraction (XRD) pattern in Fig. 2(a) Fig. 2(d) ].
The unexposed film of sample II was amorphous as shown in Fig. 3(a) . The XRD patterns of the sample II, exposed to a single shot at different distances Z are shown in Figs. 3(b) -3(g) . The XRD pattern as shown in Fig. 3(d) shows a sharp peak depicting the good amount of crystallization. This corresponds to the sample being exposed at the distance Z =4.2 cm. The amount of crystallization as inferred from the peaks of the XRD patterns, has been found to increase when Z is changed from 3.6 to 4.2 cm [Figs. 3(b) -3(d) ]. The crystallization decreases as we further increase Z up to 4.7 cm [Figs. 3(e) and 3(f)] and finally disappears at Z=5.0 cm [ Fig. 3(g) (Fig. 6 ) shows large grains with many pit holes on the film surface indicating poor surface quality of PZT film. However, the 0.9-pm film shows (Fig. 7) crystalline character with small microcrystals surrounding the big grains. The pit holes indicated by black spots are almost negligible. The overall surface quality of crystallized 0.9-pm films is reasonably good and is comparable to the one reported by Dana, Etzold, and Clabes. The micrograph in Fig. 7 ' '-"i~IF'@|I -&tI &~-'= .
. "== --=' ' It may be further noted from Figs. 2 and 3 that the crystallinity can be brought to the amorphous thin film of PZT when they are exposed to the DPF discharges at an optimum distance in the range of Z =4.0-4.4 cm at the pressure of argon suitably adjusted so that proper focusing can take place. Conversion of amorphous samples to crystalline structure at a particular distance from the top of the anode leads one to conclude that the ion beam with the specific energy density is required to bring about such changes. The 0.9-pm-thick PZT thin film has been crystallized to the rhombohedral phase and its reasonably good surface quality indicates that one can achieve a crystalline ferroelectric PZT thin film by DPF processing of as-grown amorphous thin film.
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